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OPHTHALMIC DRUG COMPOSITIONS 

Description of corresponding document: EP0914827 



Technical Field 



[0001] The present invention relates to an ophthalmic drug composition containing Phe-Gly-Leu-Met-NH2 
(hereinafter, referred to as FGLM), which is a tetrapeptide at the C-terminal of Substance P, or a 
pharmaceutical^ acceptable salt thereof as an active ingredient. More particularly, it relates to a 
therapeutic agent for corneal disorders having a promoting action on corneal epithelial wound healing, 
characterized in that an insulin-like growth factor I (hereinafter, referred to as IGF-I), which is one of 
growth factors, is formulated as another active ingredient with FGLM in a preparation or these two are 
administered jointly. 



Background Art 



[0002] Cornea is a transparent, avascular tissue having a diameter of about 1 cm and a thickness of about 
1 mm. Transparency of the cornea affects visual functions greatly and various physiological and 
biochemical phenomena in cornea function mainly with an object of maintenance of transparency of 
cornea. 

[0003] Corneal epithelial defects caused by various diseases such as corneal ulcer, corneal erosion, 
keratitis and dry eye heals spontaneously unless mixed infection intercurrently occurs. However, if the 
healing is delayed or does not occur due to some causes and the corneal defects become persistent, the 
normal construction of the epithelium is badly affected, and further even the structure and function of 
corneal stroma and endothelium are damaged. The principle of the conventional therapeutic methods is 
merely passive, i.e., surface of cornea is protected from the outside stimulation whereby epithelium is 
spontaneously extended to re-cover the defected area. Recent progress of cell biology has revealed 
factors participating in proliferation, migration, attachment, spreading of cells, etc. and it was reported that 
compounds which enhance the migration of corneal epithelium play an important role in healing the 
corneal epithelial defects (Jpn. J. Clin. Ophthalmol., 46, 738-743 (1992); and Jpn. J. Ophthalm. Surg., 5, 
719-727 (1992)). 

[0004] FGLM is a tetrapeptide at the C-terminal of Substance P which is disclosed in U. S. Patent No. 
3,862,1 14 and the patent specification describes that it has an hypotensive action. Substance P is a 
polypeptide consisting of eleven amino acids which show actions such as vasodilation, smooth muscle 
contraction, promotion of salivary gland secretion and diuresis. With regard to Substance P, various 
studies were conducted in an ophthalmic field. For example, improvement in aberrant conjunctival goblet 
eel! secretion in ophthalmic diseases was disclosed (WO95/13087) and sequential charges of Substance 
P in inflammation such as keratitis was reported (J. Jpn. Ophthalmol. Soc, 91, 982-987 (1987); ibid., 92, 
448-452 (1988)). However, there has been no report on FGLM, which is its partial peptide, in an 
ophthalmic field. 

[0005] On the other hand, an insulin-like growth factor is one of the growth factors controlling the growth of 
normal human cells such as epidermal growth factor, fibroblast growth factor, platelet-derived growth 
factor and transforming growth factor, and there are IGF-I and an insulin-like growth factor II (hereinafter, 
referred to as IGF-II) therein. Recently, it was reported that IGF-I stimulates thyroid cell proliferation (J. 
Biol. Chem., 264, 18485-18488 (1989)), that IGF-II regulates muscle growth and differentiation (Hum. Mol. 
Genet., 3, 1117-1121 (1994)), etc. In an ophthalmic field, also, it was disclosed that IGF-I, IGF-II and 
functional derivatives thereof promote the survival of retinal neurons (cf. Japanese Laid-Open Patent 
Publication Hei-07/500,839), that IGF-II is effective for therapy of every wound of various areas including 
the wound upon corneal transplantation (Japanese Laid-Open Patent Publication Sho-63/233,925) and 
that ocular tissues such as cornea provided to transplantation can be preserved at low temperature in a 
fresh state of the tissues by using a solution containing the above-mentioned growth factor (Japanese 
Laid-Open Patent Publications Hei-05/025,001 and Hei-06/048,901). It was also disclosed that, in general, 
gel compositions containing the growth factor are effective for wound healing in anterior segments etc. 
(Japanese Laid-Open Patent Publication Hei-02/000,112). However, the growth factors which are 
specifically disclosed in those patent Publications are epidermal growth factors only and there is no 
description on the effect of IGF-I. 
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[0006] IGF-II has been known to be useful for a therapy of wound upon corneal transplantation etc. as 
mentioned above. However, with regard to IGF-I, there is only a report that it does not affect corneal 
epithelial wound healing (Connect. Tissue, 27, 65 (1995)). 

[0007] It was reported that Substance P itself does not affect the corneal epithelial wound healing but it 
promotes the corneal epithelial wound healing when it coexists with epidermial growth factor out of growth 
factor (Prog. Med., 13, 2626-2627 (1993)) or IGF-l (Connect. Tissue, 27, 65 (1995)). However, it has not 
been revealed that which site of Substance P is an activity-exhibiting site. 

[0008] As mentioned above, it has been a very interesting subject to find a minimum activity-exhibiting site 
of Substance P and to study actions of the compound in such a minimum unit in an ophthalmic field, 
particularly to study the action on to corneal disorders. 



Disclosure of the Invention 



[0009] The present inventors have paid their attention to the partial peptide at the C terminal of Substance 
P and studied its action on corneal disorders. As a result, they have found that FGLM, which is a 
tetrapeptide at the C terminal of Substance P, promotes the corneal epithelial wound healing when it 
coexists with IGF-I and that FGLM is a minimum unit of the partial peptide of Substance P for exhibiting 
the above-mentioned action. Thus, the novel use of FGLM as an ophthalmic drug composition has been 
found. Further, it has been found that a combined use of FGLM or a pharmaceutical^ acceptable salt 
thereof together with IGF-I as another active ingredient is useful for therapy of corneal disorders such as 
corneal ulcer, corneal erosion, keratitis and dry eye, where cornea is in a wounded state due to various 
causes. 

[0010] FGLM is a tetrapeptide of the C terminal of Substance P and has a structure of Phe-Gly-Leu-Met- 
NH2. Phe, Leu and Met have L-, D- and DL-form respectively and all of them belong to the present 
invention. The preferred embodiment is a compound where all of them are L-form. 

[0011] Examples of the pharmaceutical^ acceptable salt of FGLM are hydrochloride, sulfate, phosphate, 
lactate, maleate, fumarate, oxalate, methanesulfonate and p-toluenesulfonate. 

[0012] The term "corneal disorders" used in the present invention stands for corneal ulcer, corneal 
erosion, keratitis, dry eye and the like, where the cornea is in a wounded state due to various causes. 

[0013] In order to study the usefulness of FGLM and IGF-I, their influence on corneal disorders has been 
investigated. Although the details will be mentioned later in the item of the "pharmacological tests", it has 
been found that the coexistence of FGLM and IGF-I promotes the migration of corneal epithelium in a 
tissue culture system of cornea pieces and the wound healing after corneal erosion. From these findings, it 
has been revealed that FGLM and IGF-I are useful for the therapy of corneal disorders such as corneal 
ulcer, corneal erosion, keratitis and dry eye, where the cornea is in a wounded state due to various causes 
and that they are particularly useful for the therapy of corneal erosion and dry eye. 

[0014] FGLM or a pharmaceutical^ acceptable salt thereof and IGF-I can be administered either orally or 
parenterally and these two active ingredients can be either formulated together in one preparation or 
formulated separately, followed by administering them together. Examples of the dosage form are tablets, 
capsules, granules, powder, injection and ophthalmic preparations and the ophthalmic preparations such 
as eye drops and eye ointment is particularly preferable. They can be prepared by widely used 
techniques. In the case of oral preparations such as tablets, capsules, granules and powder, fillers such 
as lactose, crystalline cellulose, starch and vegetable oil, lubricants such as magnesium stearate and talc, 
binders such as hydroxypropyl cellulose and polyvinylpyrrolidone, disintegrator such as calcium 
carboxymethyl cellulose and lowly substituted hydroxypropylmethyl cellulose, coating agents such as 
hydroxypropylmethyl cellulose, Macrogol and silicone resin, film forming agents such as gelatin and the 
like can be added thereto, if necessary. In the case of eye drops, isotonic agents such as sodium chloride, 
buffers such as sodium phosphate, preservatives such as benzalkonium chloride and the like can be used. 
The pH can be within a range that is acceptable in the ophthalmic preparations and, preferably, it is within 
a range of 4-8. In the case of eye ointment, widely used bases such as white vaseline and liquid paraffin 
can be used for the preparation. 

[0015] The dose can be appropriately selected depending upon symptom, age, dosage form, etc. Thus, in 
the case of oral preparations, the doses of FGLM or pharmaceutical^ acceptable salt thereof and IGF-I 
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are usually 0.1-5,000 mg (as FGLM) and 0.001-100 mg per day, respectively, preferably 1-1,000mg (as 
FGLM) and 0.01-10 mg per day, respectively. Administration can be conducted by instillating it once or 
several times a day. In the case of ophthalmic preparations, concentrations of those active ingredients are 
0.001-10% (w/v) (as FGLM) and 0.00001-0.1% (w/v), respectively, preferably 0.01-1% (w/v)(as FGLM) 
and 0.0001-0.01% (w/v), respectively. Administration can be conducted by instillating it once or several 
times a day. 

[0016] Examples of the preparations and the results of pharmacological tests are given as hereunder 
although they are intended to give better understanding of the present invention and they do not limit the 
scope of the present invention. 



Best Mode for Carrying Out the Invention 



[Examples of the Preparations] 



[0017] Representative examples of the preparations used in the present invention will be given hereunder. 



1 . Ophthalmic Preparations 



[0018] The ophthalmic preparations having the following formulations were prepared by widely used 
methods. 



Formulation Example 1 . (Eye Drops) 

<tb><TABLE> Columns=2 
<tb>Title: (in 100 ml) 
<tb>FGLM<SEP>100 mg 
<tb>Sodium chloride<SEP>900 mg 
<tb>Sodium hydroxide<SEP>q.s. 
<tb>Hydrochloric acid<SEP>q.s. 
<tb>Sterile purified water<SEP>q.s. 
<tb></TABLE> 

[0020] Eye drops containing 1 mg, 5 mg, 10 mg, 50 mg, 500 mg and 1,000 mg of FGLM in 100 ml can be 
prepared as well in the same manner as in Formulation Example 1. 



Formulation Example 2. (Eye Drops) 

<tb><TABLE> Columns=2 
<tb>Title: (in 100 ml) 
<tt»IGF-l<SEP>1 mg 
<tb>Sodium chloride<SEP>900 mg 
<tb>Sodium hydroxide<SEP>q.s. 
<tb>Hydrochloric acid<SEP>q.s. 
<tb>Sterile purified water<SEP>q.s. 
<tb></TABLE> 

[0022] Eye drops containing 0.01 mg, 0.05 mg, 0.1 mg, 0.5 mg, 5 mg, 10 mg, 50 mg and 100 mg of IGF-I 
in 100 ml can be prepared as well in the same manner as in Formulation Example 2. 



Formulation Example 3 (Eye Drops) 

<tb><TABLE> Columns=2 
<tb>Title: (in 100 ml) 
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<tb>FGLM<SEP>100 mg 
<tb>IGF-KSEP>1 mg 
<tb>Sodium chloride<SEP>900 mg 
<tb>Sodium hydroxide<SEP>q.s. 
<tb>Hydrochloric acid<SEP>q.s. 
<tb>Sterile purified water<SEP>q.s. 
<tb></TABLE> 

[0024] Eye drops containing 1 mg, 5 mg, 10 mg, 50 mg, 500 mg and 1,000 mg of FGLM and 0.01 mg, 
0.05 mg, 0.1 mg, 0.5 mg, 10 mg, 50 mg and 100 mg of IGF-I in any combination thereof can be prepared 
as well in the same manner as in Formulation Example 3. 



Formulation Example 4. (Eye Ointment) 

<tb><TABLE> Columns=2 
<tb>Title: (in 100 g) 
<tb>FGLM<SEP>100 mg 
<tb>IGF-KSEP>1 mg 
<tb>White vaseline<SEP>90 g 
<tb>Liquid paraffin<SEP>q.s 
<tb></TABLE> 

[0026] Eye ointments containing 1 mg, 5 mg, 10 mg, 50 mg, 100 mg, 500 mg and 1,000 mg of FGLM and 
0.01 mg, 0.05 mg, 0.1 mg, 0.5 mg, 1 mg, 10 mg, 50 mg and 100 mg of IGF-I in any combination thereof 
can be prepared as well in the same manner as in Formulation Example 4,. 



2. Tablets 



[0027] Tablets of the following formulations were prepared by widely used methods. 



Formulation Example 5. 

<tb><TABLE> Columns=2 

<tb>Title: (in 100 mg) 

<tb>FGLM<SEP>10 mg 

<tb>Lactose<SEP>59.4 mg 

<tb>Corn starch<SEP>20 mg 

<tb>Calcium carboxymethyl cellulose<SEP>6 mg 

<tb>Hydroxypropyl cellulose<SEP>4 mg 

<tb>Magnesium stearate<SEP>0.6 mg 

<tb></TABLE> 

[0029] The tablet of the above formulation can be coated with 2 mg of a coating agent such as 
hydroxypropyl cellulose. 

[0030] Tablets containing 0.1 mg, 0.5 mg, 1 mg, 5 mg and 50 mg of FGLM in 100 mg of a tablet can be 
prepared as well in the same manner as in Formulation Example 5. 



Formulation Example 6. 

<tb><TABLE> Columns=2 

<tb>Title: (in 100 mg) 

<tb>IGF-KSEP>0.1 mg 

<tb>Lactose<SEP>69.3 mg 

<tb>Corn starch<SEP>20 mg 

<tb>Calcium carboxymethyl cellulose<SEP>6 mg 

<tb>Hydroxypropyl cellulose<SEP>4 mg 

<tb>Magnesium stearate<SEP>0.6 mg 

<tb></TABLE> 
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[0032] The tablet of the above formulation can be coated with 2 mg of a coating agent such as 
hydroxypropyl cellulose. 

[0033] Tablets containing 0.001 mg, 0.01 mg, 0.05 mg, 0.5 mg, 1 mg, 5 mg, 10 mg and 50 mg of IGF-I in 
100 mg of a tablet can be prepared as well in the same manner as in Formulation Example 6. 



Formulation Example 7. 

<tb><TABLE> Columns=2 

<tb>Title: (in 100 mg) 

<tb>FGLM<SEP>10 mg 

<tb>IGF-KSEP>0.1 mg 

<tb>Lactose<SEP>59.3 mg 

<tb>Corn starch<SEP>20 mg 

<tb>Calcium carboxymethyl cellulose<SEP>6 mg 

<tb>Hydroxypropyl cellulose<SEP>4 mg 

<tb>Magnesium stearate<SEP>0.6 mg 

<tb></TABLE> 

[0035] The tablet of the above formulation can be coated with 2 mg of a coating agent such as 
hydroxypropyl cellulose. 

[0036] Tablets containing 0.1 mg, 0.5 mg, 1 mg, 5 mg and 10 mg of FGLM and 0.001 mg, 0.01 mg, 0.05 
mg, 0.1 mg, 0.5 mg, 1 mg, 5 mg and 10 mg of IGF-I in 100 mg of a tablet in any combination thereof can 
be prepared as well in the same manner as in Formulation Example 7. 



[Pharmacological Tests] 



1) Corneal Epithelial Migration (in vitro) 



[0037] Cornea of male Japanese white rabbits was used. The influence on migration of corneal epithelium 
was investigated using as an index the extended length of cornea epithelium in a tissue culture system of 
the cornea pieces according to a method of Nishida et al (J. Cell Biol., 97, 1653-1657 (1983)). 



(Experimental Method) 



[0038] Cornea blocks (six blocks per group) cut out from cornea pieces of the rabbit were incubated in a 
culture medium (TC-199) containing the test compound under the condition of 37 DEG C and 5% of C02 
for 24 hours. After the incubation, the cornea blocks were fixed in a mixed solution of ethanol and glacial 
acetic acid (95:5 by volume) and embedded in paraffin to prepare the slices. Paraffin was removed from 
the slices, then the slices were stained with hematoxyline and eosin and the extended length of the 
epithelial cell layer was measured under a microscope. 

[0039] The product which was prepared by the same incubation using a culture medium containing no test 
compound was used as a control. 



(Results) 



[0040] As an example of the results of the experiment, Table 1 shows the result where incubation was 
conducted using a culture medium containing FGLM alone, IGF-I alone and both FGLM and IGF-I. Table 2 
shows the result where the peptide which was added to the culture medium was Gly-Leu-Met-NH2 
(hereinafter, referred to as GLM), FGLM, Val-Gly-Leu-Met-NH2 (hereinafter, referred to as VGLM), lle-Gly- 
Leu-Met-NH2 (hereinafter, referred to as IGLM), Tyr-Gly-Leu-Met-NH2 (hereinafter, referred to as YGLM) 
or Phe-Phe-Gly-Leu-Met-NH2 (hereinafter, referred to as FFGLM). 
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<tb><TABLE> ld=Table 1 Columns=2 
<tb> 

<tb>Head Col 1 : 

<tb>Head Col 2: Extended Length ( mu m) 
<tb>Control<SEP>433 
<tb>FGLM (20 mu M)<SEP>426 
<tb>IGF-l (10 ng/ml)<SEP>430 

<tb>FGLM (20 mu M) and IGF-I (10 ng/ml)<SEP>662 
<tb></TABLE> 

<tb><TABLE> ld=Tab!e 2 Columns=2 
<tb> 

<tb>Head Col 1 : 

<tb>Head Col 2: Extended Length ( mu m) 

<tb>Control<SEP>433 

<tb>IGF-l (10 ng/ml)<SEP>430 

<tb>IGF-l (10 ng/ml) and GLM (20 mu M)<SEP>445 

<tb>IGF-l (10 ng/ml) and FGLM (20 mu M)<SEP>662 

<tt»IGF-l (10 ng/ml) and VGLM (20 mu M)<SEP>440 

<tb>IGF-l (10 ng/ml) and IGLM (20 mu M)<SEP>426 

<tt»IGF-l (10 ng/ml) and YGLM (20 mu M)<SEP>433 

<tk»IGF-l (10 ng/ml) and FFGLM (20 mu M)<SEP>655 

<tb></TABLE> 

[0041] As shown in Table 1, while no influence on migration of corneal epithelium was noted by a sole 
administration of FGLM or of IGF-I, when incubation was conducted in a culture medium containing both 
FGLM and IGF-I, a remarkable promotion of the migration of corneal epithelium was noted. 

[0042] Further, as shown in Table 2, with regard to the peptide which was added to the culture medium 
together with IGF-I, while a remarkable promotion of the migration of corneal epithelium was noted when 
FGLM or FFGLM was used, no influence on the migration of corneal epithelium was noted when the C- 
terminal tripeptide of Substance P or a peptide similar to FGLM was added. 



2) Promoting Action on Corneal Wound Healing (in vivo) 



[0043] Male Japanese white rabbits were used. Corneal erosion was caused according to a method of 
Cintron et al (Ophthalmic Res., 1 1 , 90-96 (1979)). The wounded area was measured using an area 
stained with fluorescein as an index and the influence on the corneal wound healing was investigated. 



(Experimental Method) 



[0044] After the onset of corneal erosion, eye drops containing the test compound were instilled every two 
hours six times a day (50 mu I per administration). In measuring the wounded area, a fluorescein staining 
was conducted and photographs of the cornea were taken and measured. Area of the cornea stained with 
fluorescein in the photographs was calculated by means of an image analysis processing system. 

[0045] Rabbit to which a base containing no test compound was instilled was used as a control. 



(Results) 



[0046] As an example of the results of the experiment, Table 3 shows wounded areas of immediately after 
onset of corneal erosion and 12, 24, 36 and 48 hours thereafter upon the treatment where eye drops 
containing 0.05% (w/v) of FGLM (F-3) alone was instilled; where eye drops containing 0.0001% (w/v) of 
IGF-I (I-6) alone was instilled; and where both eye drops containing 0.05% (w/v) of FGLM (F-3) and that 
containing 0.0001% (w/v) of IGF-I (I-6) were instilled. 
<tb><TABLE> ld=Tab!e 3 CoIumns=6 
<tb> 

<tb>Head Col 1 : 

<tb>Head Col 2 to 6: Wounded Area (mm<2>) after Corneal Erosion 
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<tb> 

<tb>SubHead Col 1: 
<tb>SubHead Col 2: 0 hr 
<tb>SubHead Col 3: 12 hrs 
<tb>SubHead Col 4: 24 hrs 
<tb>SubHead Col 5: 36 hrs 
<tb>SubHead Col 6: 48 hrs 

<tb>Control<SEP>35.4<SEP>31 .6<SEP>20.6<SEP>1 1 .7<SEP>3.3 
<tb>FGLM<SEP>35.4<SEP>31.0<SEP>19.9<SEP>10.9<SEP>2.9 
<tb>IGF-l<SEP>35.5<SEP>30.3<SEP>19.0<SEP>10.0<SEP>2.6 
<tb>FGLM + IGF-KSEP>35.5<SEP>28.KSEP>10.5<SEP>2.4<SEP>0.1 
<tb></TABLE> 

[0047] As shown in Table 3, while no influence was noted on wound healing after corneal erosion by a 
sole administration of FGLM or IGF-I, when both FGLM and IGF-I were instilled, a remarkable promotion 
was noted in wound healing. 

[0048] From the above-mentioned pharmacological tests, it has been found that, when FGLM, which is 
one of the partial peptides of Substance P, or a pharmaceutical^ acceptable salt thereof coexists with 
IGF-I, which is one of the growth factors, the former exhibits an promoting action on the corneal 
epithelimal wound healing whereby it is useful as a therapeutic agent for corneal disorders where cornea 
is wounded due to various causes such as corneal ulcer, corneal erosion, keratitis and dry eye. 

[0049] In addition, while the promoting action on the corneal epithelial migration was noted in tetrapeptide 
or pentapeptide at the C-terminal of Substance P when it coexists with IGF-I, this action was not noted in 
tripeptide at the C-terminal of Substance P. Accordingly, it has been now revealed that the minimum unit 
of the partial peptide of Substance P coexisting with IGF-I, which is necessary for exhibiting the promoting 
action on corneal epithelial wound healing, was the tetrepeptide at the C-terminal. Further, when the 
amino acid at the N-terminal of the tetrapeptide was other than Phe, no promoting action on the corneal 
epithelial migration was noted. Accordingly, it has been revealed that the tetrapeptide coexisting with IGF-I 
which is necessary for exhibiting the promoting action on corneal epithelial wound healing should be 
FGLM, which is a tetrapeptide at the C-terminal of Substance P. 
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OPHTHALMIC DRUG COMPOSITIONS 

Claims of corresponding document: EP0914827 



1. An ophthalmic composition comprising Phe-Gly-Leu-Met-NH2 or a pharmaceutical^ acceptable salt 
thereof as an active ingredient. 

2. A therapeutic agent for corneal disorder comprising Phe-Gly-Leu-Met-NH2 or a pharmaceutical^ 
acceptable salt thereof as an active ingredient. 

3. A therapeutic agent for corneal disorder comprising Phe-Gly-Leu-Met-NH2 or a pharmaceutical^ 
acceptable salt thereof and an insulin-like growth factor I as active ingredients. 

4. The therapeutic agent for corneal disorder according to claim 2 or 3 where the corneal disorder is 
corneal ulcer, corneal erosion, keratitis or dry eye. 

5. the therapeutic agent for corneal disorder according to claim 2 or 3 where the corneal disorder is 
corneal erosion or dry eye. 

6. The therapeutic agent for corneal disorder according to any of claims 2 to 5 where the dosage form is 
an ophthalmic preparation. 

7. A promoting agent for corneal epithelial migration comprising Phe-Gly-Leu-Met-NH2 or a 
pharmaceutical^ acceptable salt thereof and an insulin-like growth factor I as active ingredients. 

8. The promoting agent for corneal epithelial migration according to claim 7 where the dosage form is an 
ophthalmic preparation. 
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The present invention relates to an ophthalmic compo- 
sition, particularly, to a therapeutic agent for oorneaJ dis- 
order which comprises Phe-Gly-Leu-MeMMH 2 or a 
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ingredient. The present invention also relates to a ther- 
apeutic agent for corneal disorder, particularly, to a pro- 
moting agent for corneal epithelial migration which 
comprises Phe-Gly-Leu-Met-NH 2 or a pharmaceutically 
acceptable salt thereof and an insulin-like growth factor 
I as active ingredients. Preferred dosage form is an oph- 
thalmic preparation. 
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Description 

Technical Field 

5 [0001 ] The present invention relates to an ophthalmic drug composition containing Phe-Gly-Leu-Met-NH 2 (hereinaf- 
ter, referred to as FGLM), which is a tetrapeptide at the C-terminal of Substance P, or a pharmaceutical^ acceptable 
salt thereof as an active ingredient. More particularly, it relates to a therapeutic agent for corneal disorders having a pro- 
moting action on corneal epithelial wound healing, characterized in that an insulin-like growth factor I (hereinafter, 
referred to as IGF-I), which is one of growth factors, is formulated as another active ingredient with FGLM in a prepara- 

io Won or these two are administered jointly. 

Background Art 

[0002] Cornea is a transparent, avascular tissue having a diameter of about 1 cm and a thickness of about 1 mm. 
is Transparency of the cornea affects visual functions greatly and various physiological and biochemical phenomena in 
cornea function mainly with an object of maintenance of transparency of cornea. 

[0003] Corneal epithelial defects caused by various diseases such as corneal ulcer, corneal erosion, keratitis and dry 
eye heals spontaneously unless mixed infection intercurrerttly occurs. However, if the healing is delayed or does not 
occur due to some causes and the corneal defects become persistent, the normal construction of the epithelium is 

20 badly affected, and further even the structure and function of corneal stroma and endothelium are damaged. The prin- 
ciple of the conventional therapeutic methods is merely passive, i.e., surface of cornea is protected from the outside 
stimulation whereby epithelium is spontaneously extended to re-cover the defected area. Recent progress of cell biol- 
ogy has revealed factors participating in proliferation, migration, attachment, spreading of cells, etc. and it was reported 
that compounds which enhance the migration of corneal epithelium play an important role in healing the corneal epi- 

25 thelial defects {Jpn. d Clin. Ophthalmol., 46, 738-743 (1992); and Jpn. J. Ophthalm. Surg., §, 719-727 (1992)). 

[0004] FGLM is a tetrapeptide at the C-terminal of Substance P which is disclosed in U. S. Patent No. 3,862,1 14 and 
the patent specification describes that it has an hypotensive action. Substance P is a polypeptide consisting of eleven 
amino acids which show actions such as vasodilation, smooth muscle contraction, promotion of salivary gland secretion 
and diuresis. With regard to Substance P. various studies were conducted in an ophthalmic field. For example, improve- 

30 merrt in aberrant conjunctival goblet cell secretion in ophthalmic diseases was disclosed (W095/1 3087) and sequential 
charges of Substance P in inflammation such as keratitis was reported (J. Jpn. Ophthalmol. Soc, 91. 982-987 (1987); 
ibid., 92, 443-452 (1988)). However, there has been no report on FGLM, which is its partial peptide, in an ophthalmic 
field. 

[0005] On the other hand, an insulin-like growth factor is one of the growth factors controlling the growth of normal 
35 human cells such as epidermal growth factor, fibroblast growth factor, platelets erived growth factor and transforming 
growth factor, and there are IGF-l and an insulin-like growth factor II (hereinafter, referred to as IGF-II) therein. Recently, 
it was reported that IGF-I stimulates thyroid ceil proliferation (J. Biol. Chern., 264, 18485-18488 (1989)), that IGF-II reg- 
ulates muscle growth and differentiation {Hum. Moi Genet, S. 1117-1121 (1994)), etc. In an ophthalmic field, also, it 
was disclosed that IGF-I, IGF-II and functional derivatives thereof promote the survival of retinal neurons (cf. Japanese 
40 Laid-Open Patent Publication Hei-07/500,839), that IGF-II is effective for therapy of every wound of various areas 
including the wound upon corneal transplantation (Japanese Laid-Open Patent Publication Sho -63/233, 925) and that 
ocular tissues such as cornea provided to transplantation can be preserved at low temperature in a fresh state of the 
tissues by using a solution containing the above-mentioned growth factor (Japanese Laid-Open Patent Publications 
Hei-05/025,001 and Hei -06/048,901 ). It was also disclosed that, in general, gel compositions containing the growth fac- 
45 tor are effective for wound healing in anterior segments etc. (Japanese Laid-Open Patent Publication Hei-02/000, 1 12). 
However, the growth factors which are specifically disclosed in those patent Publications are epidermal growth factors 
only and there is no description on the effect of IGF-I. 

[0006] IGF-II has been known to be useful for a therapy of wound upon corneal transplantation etc. as mentioned 
above. However, with regard to IGF-I, there is only a report that it does not affect corneal epithelial wound healing (Con- 
so nect. Tissue, Z7, 65 (1995)). 

[0007] It was reported that Substance P itself does not affect the corneal epithelial wound healing but it promotes the 
corneal epithelial wound healing when it coexists with epidermial growth factor out of growth factor (Prog. Med., 12L 
2626-2627 (1993)) or IGF-I {Connect Tissue, 27, 65 (1 995)). However, it has not been revealed that which site of Sub- 
stance P is an activity-exhibiting site. 
55 [0008] As mentioned above, it has been a very interesting subject to find a minimum activity-exhibiting site of Sub- 
stance P and to study actions of the compound in such a minimum unit in an ophthalmic field, particularly to study the 
action on to corneal disorders. 
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Disclosure of the Invention 

[0009] The present inventors have paid their attention to the partial peptide at the C terminal of Substance P and stud- 
ied its action on corneal disorders. As a result, they have found that FGLM, which is a tetrapeptide at the C terminal of 

5 Substance P. promotes the corneal epithelial wound healing when it coexists with IQF-I and that FGLM is a minimum 
unit of the partial peptide of Substance P for exhibiting the above-mentioned action. Thus, the novel use of FGLM as an 
ophthalmic drug composition has been found. Further, it has been found that a combined use of FGLM or a pharma- 
ceutical!/ acceptable salt thereof together with IGF-I as another active ingredient is useful for therapy of corneal disor- 
ders such as corneal ulcer, corneal erosion, keratitis and dry eye, where cornea is in a wounded state due to various 

w causes. 

[001 0] FGLM is a tetrapeptide of the C terminal of Substance P and has a structure of Phe-Gly-Leu-Met-NH 2 . Phe, 
Leu and Met have L-, D- and DL-form respectively and all of them belong to the present invention. The preferred 
embodiment is a compound where all of them are L-form. 

[0011] Examples of the pharmaceutical ly acceptable salt of FGLM are hydrochloride, sulfate, phosphate, lactate, 
is maleate, fumarate, oxalate, methanesulfonate and p-toluenesulfonate. 

[001 2] The term "corneal disorders" used in the present invention stands for corneal ulcer, corneal erosion, keratitis, 
dry eye and the like, where the cornea is in a wounded state due to various causes. 

[001 3] In order to study the usefulness of FGLM and IGF-I, their influence on corneal disorders has been investigated. 
Although the details will be mentioned later in the item of the "pharmacological tests", it has been found that the coex- 

20 istence of FGLM and IGF-I promotes the migration of corneal epithelium in a tissue culture system of cornea pieces and 
the wound healing after corneal erosion. From these findings, it has been revealed that FGLM and IGF-I are useful for 
the therapy of corneal disorders such as corneal ulcer, corneal erosion, keratitis and dry eye. where the cornea is in a 
wounded state due to various causes and that they are particularly useful for the therapy of corneal erosion and dry eye. 
[0014] FGLM or a pharmaceutical!/ acceptable salt thereof and IGF-I can be administered either orally or parenterally 

25 and these two active ingredients can be either formulated together in one preparation or formulated separately, followed 
by administering them together. Examples of the dosage form are tablets, capsules, granules, powder, injection and 
ophthalmic preparations and the ophthalmic preparations such as eye drops and eye ointment is particularly preferable. 
They can be prepared by widely used techniques. In the case of oral preparations such as tablets, capsules, granules 
and powder, fillers such as lactose, crystalline cellulose, starch and vegetable oil, lubricants such as magnesium stea- 

so rate and talc, binders such as hydroxypropyl cellulose and polyvinylpyrrolidone, disintegrator such as calcium car- 
boxymethyi cellulose and lowly substituted hydroxypropyl methyl cellulose, coating agents such as hydroxypropyl methyl 
cellulose, Macrogol and silicone resin, film forming agents such as gelatin and the like can be added thereto, if neces- 
sary. In the case of eye drops, isotonic agents such as sodium chloride, buffers such as sodium phosphate, preserva- 
tives such as benzalkonium chloride and the like can be used. The pH can be within a range that is acceptable in the 

35 ophthalmic preparations and, preferably, it is within a range of 4-8. In the case of eye ointment, widely used bases such 
as white vaseline and liquid paraffin can be used for the preparation. 

[001 5] The dose can be appropriately selected depending upon symptom, age, dosage form, etc. Thus, in the case 
of oral preparations, the doses of FGLM or pharmaceutically acceptable salt thereof and IGF-I are usually 0.1 -5,000 mg 
(as FGLM) and 0.001-100 mg per day, respectively, preferably 1-1,000mg (as FGLM) and 0.01-10 mg per day, respec- 
40 tively. Administration can be conducted by instillating it once or several times a day. In the case of ophthalmic prepara- 
tions, concentrations of those active ingredients are 0.001 -10% (w/v) (as FGLM) and 0.00001-0.1% (w/v), respectively, 
preferably 0.01-1% (w/v)(as FGLM) and 0.0001-0.01% (w/v), respectively. Administration can be conducted by instillat- 
ing it once or several times a day. 

[001 6] Examples of the preparations and the results of pharmacological tests are given as hereunder although they 
45 are intended to give better understanding of the present invention and they do not limit the scope of the present inven- 
tion. 

Best Mode for Carrying Out the Invention 
50 [Examples of the Preparations] 

[001 7] Representative examples of the preparations used in the present invention will be given hereunder. 
1 . Ophthalmic Preparations 

55 

[001 8] The ophthalmic preparations having the following formulations were prepared by widely used methods. 
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Formulation Example 1. (Eye Drops) 
[0019] 



(in 100 ml) 


FGLM 


100 mg 


Sodium chloride 


900 mg 


Sodium hydroxide 


q.s. 


Hydrochloric acid 


q.s. 


Sterile purified water 


q.s. 



[0020] Eye drops containing 1 mg, 5 mg, 10 mg, 50 mg, 500 mg and 1,000 mg of FGLM in 100 m! can be prepared 
as well in the same manner as in Formulation Example 1 . 

20 Formulation Example 2. (Eye Drops) 

[0021] 



25 



(in 100 ml) 


IGF-I 


1 mg 


Sodium chloride 


900 mg 


Sodium hydroxide 


q.s. 


Hydrochloric acid 


q.s. 


Sterile purified water 


q.s. 



35 

[0022] Eye drops containing 0.01 mg, 0.05 mg, 0.1 mg, 0.5 mg, 5 mg, 10 mg, 50 mg and 100 mg of IGF-I in 100 ml 
can be prepared as well in the same manner as in Formulation Example 2. 

Formulation Example 3 (Eye Drops) 

40 

[0023] 



(in 100 ml) 


FGLM 


100 mg 


IGF-I 


1 mg 


Sodium chloride 


900 mg 


Sodium hydroxide 


q.s. 


Hydrochloric acid 


q.s. 


Sterile purified water 


q.s. 



[0024] Eye drops containing 1 mg, 5 mg, 10 mg, 50 mg, 500 mg and 1,000 mg of FGLM and 0.01 mg, 0.05 mg, 0.1 
mg, 0.5 mg, 1 0 mg, 50 mg and 100 mg of IGF-I in any combination thereof can be prepared as well in the same manner 
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as in Formulation Example 3. 
Formulation Example 4. (Eye Ointment) 
5 [0025] 



(in 100 g) 


FGLM 


100 mg 


IGF-I 


1 mg 


White vaseline 


90g 


Liquid paraffin 


q.s 



[0026] Eye ointments containing 1 mg, 5 mg, 10 mg, 50 mg, 100 mg, 500 mg and 1,000 mg of FGLM and 0.01 mg, 
0.05 mg, 0.1 mg, 0.5 mg, 1 mg, 10 mg, 50 mgand 100 mg of IGF-l in any combination thereof can be prepared as well 
20 In the same manner as in Formulation Example 4,. 

2. Tablets 

[0027] Tablets of the following formulations were prepared by widely used methods. 

25 

Formulation Example 5. 
[002S] 

30 



(in 100 mg) 


FGLM 


10 mg 


Lactose 


59.4 mg 


Corn starch 


20 mg 


Calcium carboxymethyl cellulose 


6 mg 


Hydroxypropyl cellulose 


4 mg 


Magnesium stearate 


0.6 mg 



[0029] The tablet of the above formulation can be coated with 2 mg of a coating agent such as hydroxypropyl cellu- 
45 lose. 

[0030] Tablets containing 0.1 mg, 0.5 mg, 1 mg, 5 mg and 50 mg of FGLM in 1 00 mg of a tablet can be prepared as 
well in the same manner as in Formulation Example 5. 

Formulation Example 6. 

50 

[0031] 



(in 100 mg) 

IGF-I I 0.1 mg 
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(continued) 



(in 100 mg) 


Lactose 


69.3 mg 


Corn starch 


20 mg 


Calcium carta oxymethyl cellulose 


6 mg 


Hydroxypropyl cellulose 


4mg 


Magnesium stearate 


0.6 mg 



[0032] The tablet of the above formulation can be coated with 2 mg of a coating agent such as hydroxypropyl cellu- 
lose. 

[0033] Tablets containing 0.001 mg, 0.01 mg, 0.05 mg, 0.5 mg, 1 mg, 5 mg, 10 mg and 50 mg of IGF-I in 100 mg of 
is a tablet can be prepared as well in the same manner as in Formulation Example 6. 

Formulation Example 7. 

[0034] 

20 





(in 100 mg) 


25 


FGLM 


10 mg 




IGF-I 


0.1 mg 




Lactose 


59.3 mg 




Corn starch 


20 mg 


30 


Calcium carboxymethyl cellulose 


6mg 




Hydroxypropyl cellulose 


4 mg 




Magnesium stearate 


0.6 mg 



35 

[0035] The tablet of the above formulation can be coated with 2 mg of a coating agent such as hydroxypropyl cellu- 
lose. 

[0036] Tablets containing 0.1 mg, 0.5 mg, 1 mg, 5 mg and 10 mg of FGLM and 0.001 mg, 0.01 mg, 0.05 mg, 0.1 mg, 
0.5 mg, 1 mg, 5 mg and 10 mg of IGF-I in 100 mg of a tablet in any combination thereof can be prepared as well in the 
40 same manner as in Formulation Example 7. 

[Pharmacological Tests] 

1) Corneal Epithelial Migration {in vitro) 

45 

[0037] Cornea of male Japanese white rabbits was used. The influence on migration of corneal epithelium was inves- 
tigated using as an index the extended length of cornea epithelium in a tissue culture system of the cornea pieces 
according to a method of Nishida et a) (J. Cell Biol., 97, 1 653-1 657 (1 983)). 

so (Experimental Method) 

[0038] Cornea blocks (six blocks per group) cut out from cornea pieces of the rabbit were incubated in a culture 
medium (TC-1 99) containing the test compound under the condition of 37°C and 5% of C0 2 for 24 hours. After the incu- 
bation, the cornea blocks were fixed in a mixed solution of ethanol and glacial acetic acid (95:5 by volume) and embed- 
55 ded in paraffin to prepare the slices. Paraffin was removed from the slices, then the slices were stained with 
hematoxyline and eosin and the extended length of the epithelial cell layer was measured under a microscope. 
[0039] The product which was prepared by the same incubation using a culture medium containing no test compound 
was used as a control. 
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(Results) 

[0040] As an example of the results of the experiment, Table 1 shows the result where incubation was conducted 
using a culture medium containing FGLM alone, IGF-I alone and both FGLM and IGF-I. Table 2 shows the result where 
5 the peptide which was added to the culture medium was Gly-Leu-Met-NH 2 (hereinafter, referred to as GLM). FGLM, 
Val-Gly-Leu-Met-NH 2 (hereinafter, referred to as VGLM), II e-Gly- Leu-Met- NH 2 (hereinafter, referred to as IGLM), Tyr- 
Gly-Leu-Met-NH 2 (hereinafter, referred to as YGLM) or Phe-Phe-Gly-Leu-Met-NH 2 (hereinafter, referred to as FFGLM). 



Table 1 





Extended Length (jim) 


Control 


433 


FGLM (20 uM) 


426 


IGF-I (10 ng/ml) 


430 


FGLM (20 uM) and IGF-I (10 ng/ml) 


662 


Table 2 




Extended Length (jim) 


Control 


433 


IGF-I (10 ng/ml) 


430 


IGF-I (10 ng/ml) and GLM (20 \iM) 


445 


IGF-I (10 ng/ml) and FGLM (20 uM) 


662 


IGF-I (10 ng/ml) and VGLM (20 \M) 


440 


IGF-I (10 ng/ml) and IGLM (20 uM) 


426 


IGF-I (10 ng/ml) and YGLM (20 ^M) 


433 


IGF-I (10 ng/ml) and FFGLM (20 jiM) 


655 



[0041] As shown in Table 1 , while no influence on migration of corneal epithelium was noted by a sole administration 
40 of FGLM or of IGF-I, when incubation was conducted in a culture medium containing both FGLM and IGF-I, a remark- 
able promotion of the migration of corneal epithelium was noted. 

[0042] Further, as shown in Table 2, with regard to the peptide which was added to the culture medium together with 
IGF-I, while a remarkable promotion of the migration of corneal epithelium was noted when FGLM or FFGLM was used, 
no influence on the migration of corneal epithelium was noted when the C-terminal tripeptide of Substance P or a pep- 
45 tide similar to FGLM was added. 

2) Promoting Action on Cornea! Wound Healing [in vivo) 

[0043] Male Japanese white rabbits were used. Cornea! erosion was caused according to a method of Cinlron et al 
so {Ophthalmic Res., H, 90-96 (1979)). The wounded area was measured using an area stained with fluorescein as an 
index and the influence on the corneal wound healing was investigated. 

(Experimental Method) 

55 [0044] After the onset of corneal erosion, eye drops containing the test compound were instilled every two hours six 
times a day (50 |J per administration). In measuring the wounded area, a fluorescein staining was conducted and pho- 
tographs of the cornea were taken and measured. Area of the cornea stained with fluorescein in the photographs was 
calculated by means of an image analysis processing system. 
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[0045] Rabbit to which a base containing no test compound was instilled was used as a control. 



(Results) 

5 [0046] As an example of the results of the experiment, Table 3 shows wounded areas of immediately after onset of 
corneal erosion and 12, 24, 36 and 48 hours thereafter upon the treatment where eye drops containing 0.05% (wfv) of 
FGLM (F-3) alone was instilled; where eye drops containing 0.0001% (w/v) of IGF-I (I-6) alone was instilled; and where 
both eye drops containing 0.05% (w/v) of FGLM (F-3) and that containing 0.0001% (w/v) of IGF-I (I-6) were instilled. 



w 

Tabled 





Wounded Area (rnrn 2 ) after Corneal Erosion 




Ohr 


12hrs 


24 hrs 


36 hrs 


48 hrs 


Control 


35.4 


31.6 


20.6 


11.7 


3.3 


FGLM 


35.4 


31.0 


19.9 


10.9 


2.9 


IGF-I 


35.5 


30.3 


19.0 


10.0 


2.6 


FGLM + IGF-1 


35.5 


28.1 


10.5 


2.4 


0.1 



[0047] As shown in Table 3, while no influence was noted on wound healing after corneal erosion by a sole adminis- 
tration of FGLM or IGF-I, when both FGLM and IGF-I were instilled, a remarkable promotion was noted in wound heal- 
ing. 

25 [0048] From the above-mentioned pharmacological tests, it has been found that, when FGLM, which is one of the 
partial peptides of Substance P, or a pharmaceutical ly acceptable salt thereof coexists with IGF-I, which is one of the 
growth factors, the former exhibits an promoting action on the corneal epithelimal wound healing whereby it is useful as 
a therapeutic agent for corneal disorders where cornea is wounded due to various causes such as cornea! ulcer, cor- 
neal erosion, keratitis and dry eye. 

30 [0049] In addition, while the promoting action on the corneal epithelial migration was noted in tetrapeptide or pen- 
tapeptide at the C-terminal of Substance P when it coexists with IGF-I, this action was not noted in tripeptide at the C- 
terminal of Substance P Accordingly, it has been now revealed that the minimum unit of the partial peptide of Substance 
P coexisting with IGF-I, which is necessary for exhibiting the promoting action on corneal epithelial wound healing, was 
the tetrepeptide at the C-terminal. Further, when the amino acid at the N-terminal of the tetrapeptide was other than 

35 Phe, no promoting action on the corneal epithelial migration was noted. Accordingly, it has been revealed that the 
tetrapeptide coexisting with IGF-I which is necessary for exhibiting the promoting action on corneal epithelial wound 
healing should be FGLM, which is a tetrapeptide at the C-terminal of Substance P. 

Claims 

40 

1 . An ophthalmic composition comprising Phe-Gly-Leu-Met-NH 2 or a pharmaceutically acceptable salt thereof as an 
active ingredient. 

2. A therapeutic agent for corneal disorder comprising Phe-GIy-Leu-Met-NH 2 or a pharmaceutically acceptable salt 
45 thereof as an active ingredient 

3. A therapeutic agent for corneal disorder comprising Phe-Gly-Leu-Met-NH 2 or a pharmaceutically acceptable salt 
thereof and an insulin-like growth factor I as active ingredients. 

so 4. The therapeutic agent for corneal disorder according to claim 2 or 3 where the corneal disorder is corneal ulcer, 
corneal erosion, keratitis or dry eye. 

5. the therapeutic agent for corneal disorder according to claim 2 or 3 where the corneal disorder is corneal erosion 
or dry eye. 

55 

6. The therapeutic agent for corneal disorder according to any of claims 2 to 5 where the dosage form is an ophthal- 
mic preparation. 
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7. A promoting agent for corneal epithelial migration comprising Phe-Gly-Leu-Met-NH 2 or a pharmaceutical^ accept- 
able salt thereof and an insulin-like growth factor I as active ingredients. 

8. The promoting agent for corneal epithelial migration according to claim 7 where the dosage form is an ophthalmic 
5 preparation. 

10 
15 
20 
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